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Abstract:  

The purpose of this paper is to highlight the role of ethnomathematics as a model for 
translating and interpreting mathematical structures inherent in existing indigenous technologies 
used by South African indigenous people as means of survival and adaptation in a variety of 
environments. The present study focuses on the riches of two indigenous technologies as media 
for transmitting specialized mathematical knowledge produced and disseminated by the Zulu 
culture, namely beadwork and basketry. We argue that prospective work that investigates other 
indigenous technologies with underlying ethnomathematical ideas can be highly enlightening 
and reflect major breakthroughs in the field of indigenous mathematical knowledges.  
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Ethnomathematics and indigenous knowledge systems 

As a new conceptual field and an emerging research program, ethnomathematics evolved 

from a rhetoric networking the interplay among mathematics, cultural anthropology, education, 

and politics. While too many definitions and associated perspectives prevail in the literature 

attempting to delineate ethnomathematics, two dominant conceptualizations are in use. 

D’Ambrosio (1985), who coined the term, insists on ethnomathematics as a rather broad 

conceptualization of mathematics and defines it as embracing “all culturally identifiable groups 

with their jargons, codes, symbols, myths, and even specific ways of reasoning and inferring” (p. 

17). Furthermore, D’Ambrosio (2001) explains, “Ethnomathematics is the mathematics practiced 

by cultural groups, such as urban and rural communities, groups of workers, professional classes, 

children in a given age group, indigenous societies, and so many other groups that are identified 

by the objectives and traditions common to these groups” (p. 1). In this perspective, 

ethnomathematics exists at the connection between mathematics, history, and cultural 

anthropology. Additionally, D’Ambrosio (1999) describes ethnomathematics as “a program in 

history and epistemology with an intrinsic pedagogical action. . . . [It] responds to a broader 

conception of mathematics, taking into account the cultural differences that have determined the 

cultural evolution of human mankind and political dimensions of mathematics” (p. 150). In this 

respect, ethnomathematics draws on the belief that humans, from prehistoric ages, have been 

accumulating knowledge to respond to their drives and needs. Such knowledge varies from 

region to region and from culture to culture and is transmitted through generations in 

serendipitous, informal ways.  

In contrast, Ascher (1991) focuses more on the mathematics of indigenous societies and 

defines ethnomathematics as “the study of the mathematical ideas of non-literate people” (p. 
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125). Ascher (2002) indicates that there are 6000 cultures that have existed within the past 500 

years and capitalizes on the riches that can be cultivated from studying cultural practices and 

heritage. Moreover, Ascher (2002) proposes that diverse cultures, such as the Inuit, Iroquois, and 

Navajo of North America; the Incas of South America; the Bushoong, Kpelle, and Tshokwe of 

Africa; and the Caroline Islanders, Malekula, Maori, Warlpiri, and Trobriand Islanders of 

Oceania, contribute to a laudable corpus of mathematical knowledge that evolved as a result of 

human praxis. Likewise, Nettle and Romaine (2000) discern that indigenous peoples comprise 

4% of the world’s population and speak 4,000 to 5,000 of the world’s more than 6,000 

languages. 

One critical paradigm promoted by proponents of ethnomathematics is the belief that all 

peoples are capable of doing mathematics in their own unique and personal perspectives. 

Concomitant with such a framework is the view that ethnomathematics emerges from within 

individuals while interacting with their cultural and physical environments. Nunes, Schliemann 

and Carraher (1993) argue that ethnomathematics develops when there is a discrepancy between 

people's need for problem solving and the level of mathematics they have learned in school, that 

is, when people become involved in tasks requiring problem solving skills that are not learned in 

school. In this argument, ethnomathematics is believed to be closely tied to issues of access and 

equity (Anderson, 1997). In a similar vein, Mosimege and Onwu (2004) argue that 

ethnomathematics is an inherent component of indigenous knowledge systems, which the authors 

define as “an all-inclusive knowledge that covers technologies and practices that have been and 

are still used by indigenous and local people for existence, survival and adaptation in a variety of 

environments” (p. 2).  



 
 

 
Journal of Mathematics & Culture 
September 2013 7(1) 
ISSN – 1558 - 5336 
 

4 

Indigenous Knowledge Systems (IKS) has been recently established by international 

world organizations as a top global priority for empowering indigenous and local communities in 

their quest for survival and development. Nonetheless, although these organizations recognize 

the strength of IKS in strengthening indigenous communities by preserving their cultural 

practices, little research to date has illuminated the contributions that IKS can have to 

mainstream knowledge and epistemologies.  

An overarching goal of this paper is to epitomize the role that indigenous knowledges 

play in unearthing the contributions of non-Western indigenous cultures in the development of 

scientific and mathematical thinking. More specifically, our purpose is to examine mathematical 

ideas that thrive in existing indigenous technologies, which are still used by South African 

indigenous and local people to adapt and survive amidst social, economic, and contextual 

challenges. In this respect, we attempt an ethnomathematical analysis of indigenous technologies 

adopting Eglash, Bennett, O’Donnell, Jennings, and Cintorino’s (2006) notion of translation as 

an inherent analysis technique to “describe the process of modeling indigenous systems with a 

‘Western’ (i.e., mainstream, academic) mathematical representation” ( p. 348) .  

A major focus of this study was to investigate and translate the content and structure as 

well as mode of expression and dissemination of ethnomathematical ideas prevalent in two 

indigenous technologies which are designed and appropriated by the Zulu culture: beadwork and 

basketry. We conclude with a brief discussion of the importance of future research prospects in 

the area of indigenous knowledges and technologies.  

Early research on ethnomathematics  

Considering the wide consensus regarding the universality of mathematics, research on 

ethnomathematics and the cultural origin of mathematics emerged later than other ethnosciences 
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(Prediger, 2002). In examining the link between ethnosciences and ethnomathematics, D’Ambrosio 

(2000) explains, “By ethnosciences I mean the corpora of knowledge established as systems of 

explanations and ways of doing accumulated through generations in distinct cultural environments. 

Particularly important for us is ethnomathematics-- knowledge derived from quantitative and 

qualitative practices such as counting, weighing and measuring, sorting and classifying” (p. 80). 

Furthermore, Rist and Dahdouh-Guebas (2006) define ethnosciences as “a scientific realm which aims 

to understand how humans––in spite of their fragmented and limited interactions with the world––are 

developing different forms of knowledge and beliefs” (p. 472). Likewise, ethnomathematics calls for 

systematically taking into account the flux of mathematical ideas that emerge as humans interact and 

make sense of their environment. To this end, studies on ethnomathematics challenge the evolutionist 

view that “indigenous societies had only simplistic technologies” (Eglash et al., 2006, p. 347).   

The gist of early studies on ethnomathematics, which have been launched in the cause of 

justifying ethnomathematics as an internationally legitimate field of research, has been invoked 

in response to early writings on the nature of “primitive” thought. In his publication, How 

Natives Think, Lévy-Brühl (1966) mistakenly suggests a divided world of thought between 

literates and “non-literates,” where he describes non-literate people as “pre-logical,” primitive 

and mystical, thus incapable of analytic reasoning. He further explains that the minds of 

primitives do not function as those of the literate people. In explaining Lévy-Brühl’s views on 

pre-logical thinking, Radford (2008) highlights major defects in Levy-Bruhl’s theory as 

manifested in inconsistent characterizations as he attempted to draw explicit comparison between 

“primitive” and “non-primitive” mentalities. In a similar vein, Throop (2003) pinpoints internal 

tension in Lévy-Bruhl’s writings particularly as he spoke of “individual” and “collective 

representations,” as it was often difficult to differentiate between the two. According to Evans-
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Pritchard, Lévy-Bruhl (1952) attempted to distance himself from some of his earlier positions 

with regard to differences between “primitive” and “modern” mentalities as he states: “I admit 

that in my work (and it is here that 'I plead guilty') the savage is presented as more mystical and the 

civilized man as more rational than they in fact are. . . . Once this difference is recognized I have no 

objection to all that you say; that the savage is not so exclusively mystical, that the civilized man is 

not so consistently rational. Perhaps I have been wrong in insisting so strongly on these differences. I 

thought that the anthropological school had done enough to make the similarities evident” (p. 191). 

An alternate proponent of Lévy-Brühl’s thought are the views of Tylor (1958) in his book 

Primitive Culture, where he erroneously likened primitive cultures to “children” which can only 

progress and evolve through proper education. Another term ascribed to Tylor is his theory of 

“survivals.” Tylor asserts that survivals are “processes, customs, and opinions, and so forth, 

which have been carried on by force of habit into a new state of society different from that in 

which they had their original home, and they thus remain as proofs and examples of an older 

condition of culture out of which a newer has been evolved” (p. 16). 

Counter views to Tylor’s and Lévy-Brühl’s ideas fiercely challenge the traditional, linear 

path that stereotyped the evolution of human thought from “primitiveness” to civilization and 

propose rival views that acknowledge ‘natural rationality’ and ‘organic reasoning’ skills thriving 

in indigenous practices. In his book, Mathematics as a Cultural System, Wilder (1981) asserts 

that each culture has its own mathematics, which evolves and decays with that culture, and he 

further capitalizes on the role of cultural practices in appropriating human cognition. Wilder 

(1965) explains: “Mathematics, like other cultural entities, is what it is as a result of collective 

human effort directed along evolutionary and diffusionary lines. And what it becomes will not be 

determined by the discovery of "mathematical truth" now hidden from us, but by what mankind, 
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via cultural paths makes it” (p. 298). Wilder (1981) further accentuates the role that cultural 

environment plays in inspiring creative mathematical thinking: "The individual mathematician 

cannot do otherwise than preserve his contact with the mathematical culture stream; he is not 

only limited by the state of its development and the tools which it has devised, but he must 

accommodate to those concepts which have reached a state where they are ready for synthesis" 

(p. 145). 

By the same token, and in his seminal publication The Oral Style in 1925, French 

anthropologist Marcel Jousse (1886-1961) rejects the associated connotations of labeling ‘oral’ 

as primitive and ‘literate’ as complex and logical (as cited in Sienaert, 1990). Jousse states, “It is 

for this reason that all people who have not lost their natural spontaneity, who are not, as we 

literates are, disassociated - and that does not mean primitive, which is a term that must vanish 

from the vocabulary of every scientist” (p. 40). Jousse further insists on using the term 

“spontaneous” in lieu of primitive and explains that, within indigenous communities, thinking is 

rather spontaneous and rhythmic, marked by memorization as the primary manifestation of the 

human brain, that is rooted deeply in organic life. In a similar vein, and in his early works, 

Gerdes (1988) wrote of a “spontaneous, natural, informal, indigenous, folk, implicit, non-

standard, and/or hidden (ethno) mathematics” (p. 138). Equivalently, D’Ambrosio (1982) spoke 

of spontaneous mathematics when he explains that each human being and each cultural group 

develops various mathematical ideas spontaneously. Ascher (1991) elaborates on the rich 

mathematical structures underlying indigenous knowledges and practices and asserts that 

“mathematical ideas are cultural expressions . . . and, moving beyond our own Western 

mathematics, a broader global history must acknowledge and include ideas of other cultures” (p. 

196).  
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 Extensive research that emphasizes the role of indigenous cultures in shaping 

mathematical thinking has been inspired from ethnographic literature (e.g., Carraher, Carraher, 

& Schliemann, 1985; Eglash, 1999; Gay & Cole, 1967; Gerdes, 1994, 1995, 2007; Harris, 1987; 

Jurdak & Shahin, 1999, 2001; Kyselka, 1987; Masingila, 1992; Millroy, 1992; Saxe, 1988; 

Zaslavsky, 1973). Such studies, and many others, reinforce the belief that mathematical thinking 

is rather culturally motivated, inherently bound by human experiences and, thereby, expressed in 

multiple and broadly diverse ways.  

Ethnomathematics and orality 

At its inception, the evolution of ethnomathematics as an epistemology can be perceived 

as a testimony demystifying the discrete divide between literacy and orality that tacitly underlies 

discourses in modern alphabetic cultures. In examining the historiography of the Andean knotted 

khipu, Brokaw (2003) explains: “An understanding of the khipu requires a deconstruction of this 

writing-(mnemonics)-orality opposition. Whether or not the khipu constitutes writing is not the 

issue I have pursued here. That is ultimately a semantic and, hence, political problem that may be 

solved by expanding—or not—the definition of writing.” (p. 141)  

  While literacy requires the competency to assimilate information presented in written 

script, Ong (1982) defines orality, or orally-transmitted information systems, as signifying 

collective expressions of specialized knowledges that belong to a particular community of 

people. Ong further explains that extended thought in oral cultures is stored and retrieved from 

memory through mnemonic patterns called ‘oral formulas.’ The formulas organize information 

in carefully wrought clusters stored deep in the unconscious and preserved by oral cultures. 

Likewise, Devantine (2009) defines orality as “the restitution of memory transmitted through 

diverse expressions of voice or words of a culture” (p. 10). 
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Analogously, Nogueira (2008) defines “oral” tradition as a mode of expression that 

congregates knowledge, memories, values, and symbols generally configured in 

linguistic objects of non-literary or aesthetic-literary nature, objects with or 

without consignment in written testimonies, accomplished vocally and 

recognizable collectively and during consecutive generations in an anatomy built 

by the laws of traditionality (anonymity, persistence, variation). (p. 164) 

As such, a vital function of oral tradition is its thrust of creating communal identity and a sense 

of amity by virtue of sharing the same past experiences. From an ethnomathematical standpoint, 

the vehicles by which a body of knowledge is preserved and transmitted are inextricably 

determined by formats fashioned and enacted solely by the community itself. As D’Ambrosio 

(2000) states, 

Mathematics, as a human endeavor, is the same. This is one focal point of the 

research program known as ethnomathematics, which deals with the generation, 

the intellectual and social organization and the diffusion of different ways, styles 

and modes (tics) of explanation, understanding, learning, coping with and probing 

beyond (mathema) the immediate natural and socio-cultural environment ( ethno). 

(p. 90) 

Ethnomathematics and indigenous technologies  

As a mediator of people’s existential experiences (Cuthbertson, Socha, & Potter, 2004), 

technology is a significant part of everyday life in any society as it plays a key role in the 

development and maintenance of cultures. Rogers (2003) defines technology as “a design for 

instrumental action that reduces the uncertainty in the cause-effect relationship involved in 

achieving a desired outcome. Technology often has two components: the tool that embodies the 
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technology and the information base for the tool” (p. 13). The idea of technology is to make life 

easier for its users, and, in whichever form technology is manifested, it is inherently free in its 

development and in how it is operated. While there are all sorts of technological developments 

that continue to shape society and how we live (Cuthbertson et al., 2004), technology acts as a 

tool of humanity that influences social values and practices and thus becomes a part of the 

culture. 

Research on the ethnomathematics of different cultures has unearthed numerous 

indigenous technologies that inherently embody mathematical structures, such as number 

systems, folk games and puzzles, kinship relations, divination systems, and symmetric strip 

decorations (Chahine, 2011). Bogoshi, Naidoo, and Webb (1987) cite one of the earliest 

indigenous technologies that is assumed to represent a manifestation of human mathematical 

activity: “a small piece of the fibula of a baboon, marked with 29 clearly defined notches 

discovered in the early 1970s during an excavation of Border Cave in the Lebombo Mountains 

between South Africa and Swaziland and initially dated to approximately 35,000 BC” (p. 294). It 

is believed that the bone closely mimics the calendar sticks that are used up to the present day by 

many cultural tribes in Namibia and Bostwana (Gerdes, 2000). Amara (1987) defines indigenous 

technology as the use of traditional methods and locally available materials to produce essential 

goods for sale or domestic consumption. In many cases, such endeavour requires the design and 

construction of devices to facilitate the production process. Amara also provides a variety of 

examples of indigenous technologies that include production; processing and preservation of 

local food stuffs; production of chemicals, such as salt; metal work; charcoal production; 

preparation of herbal medicines; production of local brews; trap making; and arts and crafts (e.g., 

weaving, carving, tie dying, pottery). 
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In this paper, we define indigenous technologies as embodiments comprising information 

codes that reflect potential sources of implicit and explicit narratives and modes of strategic 

thought most valued by the culture and which are communally accepted as emulations of the 

people’s cultural heritage and social identity. The significance of examining those indigenous 

technologies from an ethnomathematical perspective stems from their inherent ability to unfold 

the cultural and sociopersonal identity of the South African cultures. Of major interest are two 

vital indigenous technologies that thrive in South African context and that provide information 

about the cultural heritage and social norms of the culture: beadwork and basketry.  

 Rogers (2003) asks why indigenous knowledge systems are often ignored or denigrated 

by change agents who introduce innovations. Furthermore, Rogers believes that this attitude 

often leads to fallacies and views that the old and new are not compatible. While to dichotomize 

traditional and modern technologies is less relevant for our purposes in this paper, we argue that 

indigenous technologies are in fact off-scale vis-á vis the old/new dichotomy in that such 

technologies have different attributes in design and in purpose. In addition, we emphasize that 

the motivation behind exploring those indigenous technologies is not to present such 

technologies as pedagogical illustrations of activities that can be incorporated in the classroom. 

Therefore, we exercised caution to avoid falling in the trap of reducing the argument to a mere 

exposition of “microscopic” dissection of these technologies in isolation of the sociocultural and 

political circumstances that instigated its emergence (Pais, 2011). In this article, we argue that 

beadwork and basketry are quintessential illustrations of existing indigenous technologies that 

thrive in the Zululand and which represent an intimate disclosure of highly specialized 

knowledges that are owned and appropriated by its practitioners.  
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Methodology 

Context: Durban, South Africa 

We conducted our investigation in Durban, the largest city in the South African province 

of KwaZulu-Natal (KZN) and the third largest city in the country. Durban is a coastal city 

located on Natal Bay of the Indian Ocean, with warm climate and sandy beaches (around 97 km 

of coastline). eThekwini Municipality is the local government body responsible for governing 

and managing Durban. The eThekwini Municipal Area (EMA) is 2297 km in size (1.4% of the 

province of KZN). Durban has a population of around 3.5 million people of whom 68% are 

Black African; 20% Asian; 9% White; and 3% Colored. Being the busiest port in South Africa, 

Durban attracts tourists from different parts of the world and is famous for the traditional crafts 

and art work that is perfected by the indigenous communities and exhibited by the street sellers 

along the coastline (Ethekwini Municipality: online reference). 

In the Zulu culture of South Africa, orally-transmitted and tactile-based indigenous 

technologies play a major role in the production, dissemination, and preservation of a rich body 

of information that is concealed and estranged from a foreign viewer and which is inextricably 

linked to everyday life of the people. D’Ambrosio (2000) explained that cultural ethos encloses 

mechanisms generated by the culture to guard against violations and breaching of codes from 

outsiders. The only way to decode the syntax of this information system and retrieve meaning is 

to penetrate the Zulu culture’s systems of social organization, symbolism, belief, and ideology. 

Furthermore, Eglash et al. (2006) touched upon ethical issues concerning the “ownership” and  

accessibility concerns with IKS and stated that “for the moment, we can only say that we 

maintain it is possible to make respectful, ethical use of those materials, given a dialogue with 

community representatives” ( p. 360). 
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Procedure 

 The first author visited Durban in South Africa to learn about the culture and to examine 

firsthand the intrinsic cultural artifacts, including beadwork and basketry, that thrive on the 

streets of the coast of Port Natal in Durban. We used 3 methods for collecting data: (a) informal 

interviews with bead workers and basket makers; (b) collection of artifacts including beadwork 

items, baskets, and pictures; and (c) researcher’s introspection during field observations. Some of 

the sites visited while in Durban included the William Campbell Museum of African Art and 

Furniture; the Phansi Museum; the Shakaland Cultural Village; and the beachfront bead and 

basket street sellers.  

While walking on the beachfront in Durban, the researcher had the opportunity to 

converse with some Zulu women and men, who exhibited their beadwork and basket ware on the 

pavement under the shaded huts. The women, who were so proud of their artistic work, were 

keen on explaining the variety of formats and techniques they used in the bead-woven bracelets, 

necklaces, picture frames, belts, bookmarkers, and head bands. The myriad techniques such as 

netting, wrapping, fringing, braiding, and weaving introduced with many vivid designs and 

bright colors embody artistic expressions of social narratives and cultural discourses. Geometric 

structures and concepts prevalent in the beadwork designs, such as symmetries and 

transformations, unraveled cultural codes (i.e., conventions or patterns) that convey expressions 

of thought from the Zulu ancient traditions and that hold the key to intrinsic knowledge systems.  

Method and analysis  

An ethnographic approach using participant observation and artifact collection was 

employed over a period of one week. The researcher, posing as a customer, collected artifacts 

from street sellers on the coast of Durban. The researcher also asked permission to take 
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photographs of collectible pieces of bead ornaments and baskets when visiting museums and art 

collections. A total of 54 pictures was collected, 18 of which were examined and analyzed for 

further reflection. 

We employed the object- and photo-voice (Wang, 2006) method in our analysis of 

indigenous technologies inherent in the artifacts collected. We used object- and photo-voice 

technique as an action research strategy, where objects and their photos were read as narratives 

through which experiences of indigenous Zulu communities are textualized and translated using 

an ethnomathematical perspective. As Burnett (1995) emphasizes in relation to photography, 

“photographs encourage the viewer to displace the conventional parameters of language use in 

order to create a new context for the articulation of meaning. A radically different conceptual 

framework may be initiated that does not, in and of itself, permit the easy use of either the verbal 

or the written for descriptive or interpretive purposes” (p. 44). 

In analyzing the photos and objects, we performed a feat of reconstruction, calling upon 

the sensory experiences of the designers and the contextual and social narratives evoked by 

multiple layers of textures and designs. In some cases, we used photographs as a kind of 

artefactual notation to elicit and stand for the original object. 

Ethnomathematical Analysis of Indigenous Technologies 

Beadwork technologies: Semantics and syntax  

In the realm of oral traditions, the technology of bead working represents a form of an 

intercultural visual language that textualizes geometric patterns into ideas which are 

communicated and exchanged vividly and meaningfully (see Figure 1). For the Zulu people, this 

orally-based, naturalistic system of visual representations emblematize a mode of information 

dissemination, an embodiment of thought and belief system drawn from lived experiences of 
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ancestors across many generations. Barta and Silverman (1997) argue that: “Mathematical 

application and thinking are embedded holistically in the beading process” (online reference).  

    

Figure 1. The earliest beadwork example in the Killie Campbell Africana Collection dates from 
about 1927.  

Concomitantly, our field work observations and informal discussions with the Zulu 

natives revealed the primacy of these indigenous technology systems in the sociocultural fabric 

of the community. Imbibed with metaphoric connotations in the meaningful portrayal, 

preservation, and transmittal of complex and insightful solutions, such technologies are created 

and appropriated by the Zulu culture in response to a spectrum of emerging quotidian problems. 

Narratives associated with various bead ornamentation and designs can range from everyday 

endeavors, such as making embroidered and beaded covers for dishes to keep the flies away, to 

more complex issues that address fertility (e.g. fertility dolls), individual identity, and the 

struggle for survival (Sienaert, Cowper-Lewis, & Bell, 1994).      

Narratives attached to beadwork: The Zulu bead messages 

The most vivid illustration of an indigenous technology created by the Zulu culture for 

the purpose of communication and dissemination of information is the widespread practice of 
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Ibheqe or Zulu bead letters (see Figure 2). As an ingenious medium of information expression 

and exchange that is neither oral nor written per se, the Zulu bead messaging technology attaches 

narratives to an assortment of color coded geometric patterns.  

There are varied and interesting associations of narratives and bead patterns that flourish 

in South Africa. Zulu bead geometric bricolage mimics in different ways personal messages and 

narratives and captures metaphors that transcend time and embody information in a visuo-

perceptual form. As such, Zulu bead patterns act as a concretized information system with 

inherent algorithmic and geometric processes that create and transmit pieces of information in a 

more specialized and highly contextualized way. Nonetheless, the dominant view that prevails 

concerning traditional bead ornament is their intrinsic association with tribal courtship and 

marriage (Schoeman, 1968). “The object—[Zulu bead message]—is more than a mnemonic. It 

seems to present itself as a puzzle and a challenge: why is it there? What explanation can be 

given for its presence” (Barber, 2005, p. 269). Interpreting and decoding bead messages for 

meaning are complicated by the wealth of proverbs rich in linguistic logic and metaphors. The 

different structural analyses of a single motif in a beadwork pattern reveals a complex hybrid of 

intertwined multidimensional layering of information which, if appropriately decoded, makes 

explicit the meaning embedded in the motif. The first layer embodies the physical and material 

texture of the pattern as different materials might be incorporated in the design. In addition to 

glass beads which are most commonly used in South Africa today, other kinds of beads are also 

used. These are locally made from wood, shells, animal teeth, seeds, metal rings, and clay (see 

Figure 2).  
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Figure 2. A magician’s headrest. 

The choice of the material is deliberate, as it signifies the tone, depth, and hierarchy in 

power relations and social statuses. The second layer consists of an assortment of discursive 

visual patterns or structural units, such as dots, lines, triangles, symmetries, dimensions, scales, 

angles, and proportions, adding vivid rhythmic texture to the meaning. The third layer comprises 

the colors, which act as signifiers of visual metaphors such that each color evinces dichotomous 

positive and negative connotations related to cultural position and personal and social 

accomplishments. For example, Figure 3 shows an iNcwadi Zulu love letter that represents a 

message woven in beads by Zulu maidens to be given to their lovers as a symbol of love and 

affection.  

 

Figure 3. A Zulu love letter. 
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Women bead makers we informally interviewed indicated the importance of color 

combinations and coding techniques in conveying messages and narratives. For example, a 

linear grouping of blue, white, and black is a favorable combination and subsequently signifies a 

positive message (see Figure 4). 

Figure 4. The association of meaning to basic color codes (The figure is produced by the first 
author). 
 

On the other hand, a grouping of red, pink, and yellow is not favorable and thus carries a 

negative connotation. In addition to color codes, the order and sequence of the color 
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combinations is primal. For example, in interpreting the symmetrical arrangement of colors, 

Schoeman (1968) explains that a vertically symmetrical arrangement of red; yellow; blue (at the 

center) then yellow; and red may convey the message shown in Figure 5. 

 

Figure 5. Decoding bead messages from a combination of color codes and symmetrical 
structures (The figure is produced by the first author). 

 

Thus, the synergy of texture, geometric patterns, and color combinations provides 

information which is visually synchronized and transmitted to the viewer. The recurrence and 

nesting of motifs constitute a fluid visual narrative that represents momentous disclosures 

communicating a story, a social encounter, or a religious event. 

In terms of functionality, this visually-based information system is inherently diverse and 

serves many purposes. Be it as an ornament, a jewelry piece (see Figure 6), a textual diction 

(e.g., a Zulu letter), or a commemorative object, such functionalities provide various venues for 

exploring different narratives by virtue of its association with the context.  

+ _ 

Request 
Anger  Withering   

Wealth  Love   

I’m angry and withering away, come and enrich my love 
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Figure 6. Beadwork designs on bracelets and head bands. 

In terms of patterns, a common geometrically tractable motif that thrives in most of the 

Zulu beadwork designs is the ‘stepped diamond.’ Constructed from the triangle as a “basic Zulu 

design unit,” the diamond represents a signature image template whereby bead workers 

experiment and play with symmetrical patterns.  

Papini (1994) argues that the stepped diamond shape emanates from a common divinity 

design known as vesica piscis. The vesica, which literally means “fish bladder,” is created by the 

intersection of 2 circles of equal diameters with the perimeter of each passing through the center 

point of the other (see Figure 7). 
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Figure 7. Geometric construction of the vesica piscis underlying the structure of a stepped 
diamond.   

Thus the triangular shape of a stepped diamond structure as enunciated by Papini (1999) is 

iconographic of reproductive fertility emblematized in “geometric expression of two enacting 

entities reconciling relationship, being the third factor symbolizing the principle of harmony” (p. 

165).  

Basketry 

As one of the most ancient handicrafts, baskets have acquired a special dimension of 

meaning in the social fabric of the Zulu culture. In major rural areas on the outskirts of the city, 

basket makers at work are a familiar sight. With intricate designs and maximized functionality, 

hand-woven baskets from the KwaZulu Natal area continually illuminate the struggle between 

the artisanship and machine production (see Figure 8). 
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Figure 8. Displays of traditional South African baskets at the Phansi Museum in Durban. 

 

 

As with bead work, structural analysis of the motifs accentuated in basketwork reveals a 

complex array of parameters that determine collectively the characteristics of the final product. 

Different basket designs reflect various constructional solutions synchronized to meet certain 

criteria, such as the material used in making the basket, specialty and purpose of the basket, and 

the size of the person who will be carrying the basket (i.e., adult or child.). 

For the Zulu culture, basketry technology requires thinking in terms of form, 

functionality, and the process of handling the vegetal materials. The materials, which are 

confined to the local vegetation of the Zululand, determine the kind of construction and 

consequently influence the shape of the baskets. To avoid trial-and-error while the design, which 
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may wear down the quality of the materials used, the weaver performs basketry techniques with 

extreme deliberation and decisiveness. While in the act of weaving, the basket maker falls in a 

state of relentless contemplation and placid communication with the materials. Most basketry 

materials are kept the maximum length that they occur naturally in order to avoid starting of new 

materials which, in turn, takes time, interrupts the rhythm of the design, interferes with the 

uniformity of the repeated units, and weakens the structure. In response to the delicate nature of 

the elements, the process of bending and folding gently but firmly follows a methodical 

configuration that adheres to certain specifications in the dimensions of the piece, to the 

flexibility of the design, and to the strength of the structure. The basket is composed of 

systematically repeated modular units or repeated sequences of units (see Figure 9). 

 
 Figure 9. A small round flat bowl with rotational order. 
 

From a stacking of these units and through arrangement of colors and textures infinite 

patterns can be produced. The question of manipulating the dimensions and forming space is 

intrinsically meaningful to the nature of this technology. The basket begins its existence as a flat 

surface and progressively takes a three dimensional shape, a kind of hemisphere in many 

variations. To get the desired dimensions, the basket maker resorts to successive subtractions, 

reducing the size of the materials used without interrupting the iterative patterns and the 

structural organization of the elements. Within the changing number of units, the geometric 



 
 

 
Journal of Mathematics & Culture 
September 2013 7(1) 
ISSN – 1558 - 5336 
 

24 

pattern is constructed in synchrony with the changing number of modular units, which is more 

complex than incorporating geometric patterns where the number of units per row is consistently 

fixed (see Figure 10).  

 

 

 

 

 

 

Figure 10. A thickly woven basket with spatial depth. 

In the making of the baskets, which may take many months, the weaver has to make a 

series of heuristic-based computational decisions to ensure optimal precision and accuracy in the 

execution of the design. For example, we envision the basket maker while in the process of 

constructing the basket shown in Figure 9 as caught between increasing the units at a greater rate 

to create an enlargement of the interior of the basket concurrently proceeding at a lesser rate in 

consonance with the development of the motif. Notwithstanding the fact that the geometric 

patterns depicted on the body of the basket employed bilateral symmetry along the vertical and 

horizontal axes, which consequently imposes restrictions on the possibilities of manipulating the 

structure, the basket maker remarkably succeeds in overcoming the problem of preserving 

regularity in geometric designs while continuously changing the number of modular units. By 

the same token, Gerdes (1998) capitalized on the specialized knowledge that the sipatsi (hand 

bags) and titja (coiled baskets) weavers in Mozambique and their expertise in inventing various 

strip pattern designs that demonstrate the seven possible symmetry groups. 
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Contrary to beadwork, the hands are the basic tools and machinery required in basket 

making technology; hence, no device or implements are necessary to hold the material together. 

Nonetheless, a fine degree of equilibrium, tension and loosening without false straining are 

optimized. Like beadwork, Zulu basketry calls for marked orderliness during execution and an 

optimal skill to manipulate the materials so as to follow configurations that allow the elements to 

support each other under tension whereby all are held in place by virtue of their relative 

positions to one another. As such, different materials induce different designs and a different 

array of expression. Because this technology does not allow corrections or adjustment, geometric 

patterns which result so naturally from the process are favored because of their predictability. 

When asked about how to remedy if a problem in the structure has been encountered, one basket 

maker mentioned that even before the work begins, the picture of the finished piece stands 

before the weaver’s eyes, clear in its complete form and in its details. Thereby, errors are 

practically minimized.   

 Looking at myriad designs of Zulu basket technology does not provide a full 

understanding of the functionality of the different genres of designed baskets. One must 

experience their commodious usage in the everyday life of the Zulu people. From an outsider 

perspective, it is congenial to decide whether the shapes, colors, textures and designs of the 

baskets as decorative pieces are appealing. What is most interesting is the all-inclusiveness of the 

form where the unity of mass and proportion, the weaving and binding, the materials and 

techniques all combine in one smooth flow. When closely observing the regularity and 

orderliness of the structures as well as the proportions and logical organization of the motifs and 

patterns, the viewer cannot but discern the skill and expertise of the maker and the time and 
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dedication incurred to produce such a technological artifact that is widely usable, inherently 

useful, and intensely expressive.    

Closing remarks 

 In this article, we address the ethnomathematical structure underlying two indigenous 

technologies that undergird the daily practices of Zulu culture. Measuring, counting, timing, 

devising and structuring patterns, bending and folding according to afforded dimensions, and 

decision making are all examples of activity-situated ethnomathematical ideas that thrive in the 

design and execution of indigenous technologies prevalent among crafts people in the Zululand. 

We contend hitherto that such technologies embody an intensification of subjective and highly 

specialized indigenous knowledges and skills that are methodically systematized yet orally-

based. The patterned beadwork designs and the 3-dimensional basketwork structures reflect 

geometric expressiveness endlessly synchronized with symmetrical forms and colors that attest 

not only to the proficiency of the Zulu communities but also to the riches of their ancestral 

heritage and collective cultural persona.    

 At the present and as most of oral traditions are at risk of being fungible by a thirst for 

material novelty and enthusiasm for the new, exploring the wealth of existing indigenous 

technologies as well as preserving their edifices would be a worthwhile endeavor for indigenous 

cultures sustainable local and global wellbeing.  
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